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WIND LOADS ON GIRDER BRIDGES 


John M. Biggs,! A. M. ASCE, Saul Namyet,? and Jiro Adachi® 


INTRODUCTION 


Wind loads have been considered in the design of bridges for many years 
but even now there is very little data available on which to base the computa- 
tion of these loads. This lack of information probably exists for three rea- 
sons: (1) A completely satisfactory solution cannot be obtained analytically; 
(2) the facilities necessary for an experimental solution are not readily avail- 
able to those most interested in the problem; and (3) for the majority of 
structures wind loads are of secondary importance. With regard to the last 
point it may be noted that in the case of the elevated highways which are be- 
coming common in our large cities wind loads are of primary importance. 

Of all the technical problems currently facing the structural engineer that 
of static wind loads is one which can be solved with relative ease. With a 
modest effort loading coefficients could be obtained for all common bridge 
types in a form easily applied to design. In the more important structures 
where unusual structural forms are encountered it is feasible to conduct wind 
tunnel tests for the purpose of determining the loads on that particular struc- 
ture. 

The experimental program described in this paper is a continuation of ear- — 
lier work on truss bridges which was previously reported.4 Presented here- ‘a 
in are wind load data for several common types of railway and highway girder a 
bridges. The railway types include single and double track bridges of both Pe, 
through and deck construction. The highway types include through and deck 
construction with two, three, and four parallel girders. Because of the rela- 
tively small number of structural forms used in practice, the railway types 
tested include the majority of railway bridges. However, there is a great 
variation in the form of highway bridges and it was possible in this program 
to include only the more common types. It is hoped that future work will ex- 
pand the data in this respect. 

All models were tested for various angles of attack (angle between the 
wind direction and the horizontal plane). Also included are data which indi- 
cate the effect of angle of yaw (wind direction in the horizontal plane). Wind 
directions in the vertical plane containing the longitudinal axis of the bridge 
are also considered since the resulting forces are important in the design of 
bascule bridges. 


1. Asst. Prof. of Structural Engineering, M.LT. 

2. Research Engineer, M.I.T. 

3. Research Ass’t., M.LT. a 

4. “Wind Loads on Truss Bridges,” John M. Biggs ASCE Proceedings - = 
Separate No. 201, July, 1953. a 
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Description of Models 


Descriptions of the models are given in Tables I and II and photographs of 
a selected group are shown in Figs. 1 and 2. Five basic types of railway 
bridges and four types of highway bridges were included in the test program. 

The wind load characteristics of a bridge depend not only upon the basic 
configuration of type but also upon the proportions of the cross section. The 
most important variable within a given configuration is the ratio of the girder 
depth to the other dimensions of the cross section. This parameter varies 
with the span of the bridge because the girder depth is, in general, a function 
of span. In order to take into account the aerodynamic effect of the girder 
depth - bridge width ratio each basic model type, with two exceptions, was 
tested with three different girder depths. Thus data for a total of twenty-four 
models were obtained. 

The tracks, ties, floor system, and widths of the railway models were con- 
structed to a scale of 1:32. The three girder depths used therefore corre- 
spond to 4, 8, and 12 feet at full scale. The scale of the highway models de- 
pends upon the width of the roadway. If the roadway is 24 feet wide the scale 
is approximately 1:25. At this scale the three girder depths correspond to 
approximately 3, 6, and 9 feet on the prototypes. 

The models are constructed of wood and contain as much detail as is con- 
sidered necessary to reproduce the aerodynamic characteristics of the proto- 
types (see Figs 1 and 2). In order to reduce the labor involved the girders 
and floor systems are constructed separately so that the same set of girders 
may be used in all models. The girders consist of three plates representing 
the web and flanges together with rectangular strips simulating stiffeners. 

In the railway models the track and ties are to scale and the floor beams and 
stringers of the floor system are made of three rectangular pieces also to 
scale. The roadways of the highway models are made of plywood slabs to 
which are glued rectangular strips representing stringers and floor beams. 
The bracing elements of all models are made of small rectangular strips. 

The railings on the highway models are approximately to scale. The gaps 
in the railings which appear in the photographs are necessary to provide 
clearance for the mounting devices and have little effect on the total wind 
forces. 


Test Procedures 


All of the tests described herein were conducted in the M.I.T. wind tunnel 
facility. The tunnel used is of the circulatory, non-pressured type having a 
4.5 foot by 6 foot rectangular test section. The tunnel and its instrumentation 
are of conventional design and need not be discussed here. The maximum 
speed possible with the rather large models of this investigation is 80 mph. 

Wind tunnel tests on models are useless unless the force coefficients ob- 
tained are applicable to the prototype. In other words, for a given velocity the 
ratio of the force on the model to that on the prototype must equal the scale 
Squared. The parameter normally used to prove this equality of the model 


and prototype is the Reynold’s Number, R, which is defined as xP where V is 


the wind velocity, v is the kinematic viscosity of air, and D is a representative 
dimension of the model or prototype. The minimum R for the tests of this in- 
vestigation was 9.2 x 104 (computed for V « 80 mph, D = 1.5 ins., and v ® 1.6 x 
10-4 ft/sec2). The maximum R which might be expected on a full scale girder 
bridge is about 11 x 106 (computed for V = 100 mph, and D = 12 feet). 
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A girder bridge is an assembly of sharp-edged objects and the Reynold’s 
Number effect is essentially the same as that of these objects taken individ- 
ually. For sharp-edged objects such as a flat plate presented normal to the 
wind, the drag coefficient is a constant for all Reynold’s Numbers above a 
critical value of approximately 103 and within the range significant for 
bridges. Since the R’s computed above for the model and prototype are both 
well above this critical value, it may be assumed that the force coefficients 
obtained for the model also apply to the prototype. In addition, the models 
were tested at velocities: between 30 and 80 mph and the drag coefficient did 
not change within this range. This indicates that the models were being test- 
ed at a point above the critical Reynold’s Number. 

Another aerodynamic phenomenon which must be considered in wind tunnel 
testing is the effect of aspect ratio which is defined as the ratio of the length 
to the depth of the model. It is well known that drag coefficients vary with 
aspect ratio and in the case of flat plates the coefficient varies from approxi- 
mately 1.2 to 2.0 as the aspect ratio increases from unity to infinity. For the 
case of actual girder bridges, the correct aspect ratio is not easily ascer- 
tained but a value of infinity must be assumed. This assumption is probably 
correct for deck structures since the abutments effectively seal off the end 
of the structure. The actual condition is less certain for through bridges but 
in most cases the depth-span ratio and the end conditions are probably such 
that the drag coefficient approaches that for an infinite aspect ratio. In any 
event the most severe case must be assumed for design purposes. 

All of the models tested are considered to be sectional, i.e., they repre- 
sent only a portion of the span. In order to achieve an infinite aspect ratio 
in the wind tunnel the flow of air around the ends of the model must be pre- 
vented. There are several methods by which this might be accomplished but 
in this investigation only two were found to be practical. The first of these 
involves the placement of two large baffle plates in the tunnel as shown in 
Fig. 3. The models were inserted between the plates with the minimum prac- 
tical clearance on each side. Variations in angle of attack were obtained by 
rotating the model about the trunnion axis which is horizontal and perpendicu- 
lar to the flow. The wind velocity was determined by means of Prandtl pres- 
sure tubes placed just forward of the opening between the baffle plates. These 
pressure measurements were calibrated and corrected for blockage effects as 
discussed below. 

The second test method involves the use of dummy extensions to the models 
as shown in Fig. 4. The extensions are supported independently and only the 
forces on the active model are measured. Thus the end effects on the dummy 
extensions do not affect the data and an infinite aspect ratio is attained. This 
second method has the disadvantage that extensions must be constructed but 
it has the advantage that yaw and roll angles may be considered by rotating 
the model and dummies about a vertical axis. This motion is provided by the 
turntable in the floor of the tunnel upon which both the model and dummies are 
mounted. 

When large, blunt objects such as bridge models are tested in a wind tun- 
nel considerable error may be introduced as a result of the “blockage effect”. 
This error results from the fact that the large model causes an excessive dis- 
turbance in the normal flow pattern at the test section. The magnitude and 
distribution of the velocities between the model and the tunnel walls are not 
the same as would exist in the corresponding scaled space around the proto- 


type. Normally the velocity pressure (eX measured at points on the tunnel 
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walls adjacent to the model is the free stream pressure but this is not true 
when there is a high degree of blockage. 

To circumvent this difficulty the velocity pressure must be measured at a 
point well forward of the disturbance caused by the model and the measure- 
ments thus taken corrected according to the degree of blockage introduced by 
the model, The necessary correction factors were obtained by placing in the 
tunnel flat plates of various widths for which the correct drag coefficient was 
known. When the drag force on each plate was measured the effective velocity 
pressure for that plate could be computed using the known drag coefficient. 
The ratio of this effective velocity pressure to that given by the forward pres- 
sure tap is the blockage correction for that plate. Since it may be assumed 
that the blockage correction is a function of the total drag in the tunnel, the 
same correction applies to a model producing the same drag as the plate. By 
the use of several plate sizes a curve of blockage correction vs total drag 
was obtained and this curve provided the corrections for the tests on bridge 
models. 

The same general procedure for determining the correction factors was 
used in both test methods described above. Several of the models were tested 
by both of these methods and the fact that the corrected values were in close 
agreement verifies the accuracy of the procedure followed. 


Test Results 


The test data is presented in the form of dimensionless coefficients in 
Figs. 6 through 15. The notation used is defined below. 

Wind direction angles: 

a= angle of attack * angle between the wind direction and the horizon- 
tal plane (see Fig. 5(a)), positive when the wind is acting upward on the 
bridge. 

8 angle of roll * angle of wind direction in the vertical plane contain- 
ing the longitudinal axis of the bridge (see Fig. 5(b)). 

W = angle of yaw * angle of wind direction measured in the horizontal 
plane (see Fig. 5(c)). 
Wind force components and coefficients: 


2 
H* CAH? ¥ = horizontal force acting transversely on the bridge 


y2 
ve CyAyp > 3 vertical force on the bridge. Positive when upward. 


v2 v2. 
sH“H? oO Coy = longitudinal force on the bridge. 


2 
M, bd Cy Ay’ e+ = the moment of the wind forces about an arbitrary 


point “a” (see Fig. 5(a)) 


Cu Cy, Con Coy» and Cur are dimensionless force coefficients. 
Ay = total projected area as seen in elevation. 
Ay = total projected area as seen in plan. In the case of railway bridges 


this includes track and ties as well as all structural elements seen in plan 
view. 
v2 2 
p > = 0.00256 V“ Ibs. per sq. ft. (V in mph) 
b' * width of bridge (see Tables I and II) 
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The data for railway bridges when tested with varying angle of attack are 
given in Figs. 6 - 9 in terms of the coefficient Cy, Cy, and Cy. Similar data 
for highway bridges are given in Figs. 10 - 13. Each figure contains the data 
for all the models of a given type. The d/b ratios are listed and it is intended 
that for an actual structure this ratio be computed and the coefficients deter- 
mined by interpolation. 

The transverse horizontal and longitudinal force coefficients for the mod- 
els when the angle of yaw is varied are given in Fig. 14. The transverse co- 
efficient is plotted as a ratio to that at zero angle of yaw (Co) 80 that the 
curves indicate the effect of yaw rather than the basic differences between 
the models. Fig. 15 shows the vertical and longitudinal force coefficients as 
the angle of roll is varied. Only four of the models were tested in roll and 
yaw because these are considered to be representative of all models. 


Discussion of Results - Railway Bridges 


In order to compute the maximum wind loads for design purposes it is nec- 
essary to decide what maximum angle of attack could occur at the site of the 
structure. This value is difficult to determine because very little information 
is available on the subject and it depends, to some extent, on the topography 
at the site. As may be observed in Figs. 6 - 13 the loads are very sensitive 
to angle of attack and it is unfortunate that information is not available on this 
subject. For the purpose of this discussion it is assumed that the maximum 
possible angle of attack is plus or minus 15 degrees. 


Transverse Forces 


The maximum transverse pressure (H/Ay) within the probable range of 
angle of attack (t 15°) is given in Table ID] for each of the railway bridge mod- 
els tested. These pressures are based upon the elevation area, Ay, which 
does not include the additional area presented by the leeward girder or other 
elements not seen in elevation. They are computed for a wind velocity of 100 
mph which is considered to be a reasonable value for design purposes. The 
A.R.E.A. Specification (1950) is 75 lbs. per sq. ft. (50 lbs. per sq. ft. on 1-1/2 
times the elevation area) and it may be observed that in only one case (Model 
3RTA) is the experimental pressure as large as this value. The minimum de- 
sign pressure indicated (Model 5RDC) is onlv 63% of the maximum - a varia- 
tion which is not considered by the specifica: ion. 

Comparison of Models 1 and 3 reveals that the additional girder in Model 3 
has an appreciable effect on the maximum pressure for models having the 
shallow girders (A) but not for those having the other two girder depths (B and 
C). The same conclusion is reached by a comparison of Models 4 and 5. This 
is probably due to the fact that when the girders are deep relative to girder 
spacing the windward girder creates a wake which completely envelopes the 
leeward girders thus preventing the development of drag forces on the latter. 

It may be further observed that the effect of increasing girder depth rela- 
tive to bridge width is not appreciable in the case of two - girder bridges. 
However, in the case of three- and four - girder bridges an increase in girder 
depth tends to decrease the horizontal pressure considerably. This may also 
be explained by the larger wake relative to bridge width produced by the deep- 
er girders. 

As a matter of interest, the models were also tested at angles of attack 
greater than those reported herein. It was found that the maximum horizontal 
force on the railway models generally occurred at an angle of attack of 
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approximatety -40 degrees and that the magnitude of this force was about 
10% greater than that recorded at -30 degrees. 


Vertical Forces 


Also given in Table II] are the maximum upward pressures within the 
probable range of angle of attack. The maximum downward pressures are 
not considered significant for design purposes. In general, deck structures 
are subjected to larger vertical pressures than are through bridges. The 
maximum pressure measured (Model 5RDC) is 7.2 lbs. per sq. ft. which is 
15% of the maximum horizontal pressure. These results indicate that in the 
design of open-decked railway bridges uplift wind pressures are not impor- 
tant. 


Overturning Moments 


The maximum moment about point ‘a” of each model (see Fig. 5) is re- 
corded in Table III. In the absence of a specified vertical force the designer 
usually assumes that the overturning moment results from the horizontal 
force alone and that this force acts as the mid-depth of the structure. A val- 


ue thus computed (max H x 5) is given in Table III for the purpose of compar- 


ison with the experimental moment, M,- The difference between these two 
quantities is due not so much to the presence of vertical pressures, which 
are small, but rather to a variation in the location of the resultant horizontal 
force. In the most severe case the experimental moment exceeds the com- 


puted value, max H x a by 33 per cent (Model 5RDB). This is not serious in- 


asmuch as overturning moments are not particularly important in this type of 
bridge. 


Effect of Yaw 


The results of the yaw tests are given in Fig. 14. For the two railway 
bridges tested in yaw the maximum horizontal force coefficient occurs at W = 
0. It may therefore be concluded that the results obtained for railway bridges 
in the angle of attack tests (Figs. 6-9) may be used directly without further 
consideration of the yaw effect. 

Also shown in Fig. 14 is the longitudinal force coefficient, Cgy;. The maxi- 
mum value of this coefficient for the railway models is 0.36 which indicates 
that the maximum longitudinal force is not more than 20 per cent of the maxi- 
mum transverse force. It should be noted that this coefficient was obtained 
for models having dummy extensions on both ends (see Fig. 4) and should be 
considered to be applicable only to a center portion of the span. In some 
cases the effect of the exposed end of the structure might be appreciable. 


Roll Tests 


The force coefficients for wind directions in the vertical plane through the 
bridge axis are shown in Fig. 15. These orientations are impossible on fixed 
spans but are important in the design of bascule bridges. 
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Discussion of Results - Highway Bridges 


Transverse Forces 


The maximum transverse pressures (H/Ay;) for a wind velocity of 100 
mph are given in Table IV for the highway bridge models. These are the ef- 
fective pressures on the elevation area which does not include elements 
which are hidden in elevation. In Table IV the experimental pressures are 
compared with those given by the A.A.S.H.O. Specification (1953) which re- 
quires that the effective area be taken as 1-1/2 times the elevation area plus 
1/2 the area of all girders in excess of two. Thus the A.A.S.H.O. pressures 
giver. in Table IV are equal to 50 lbs. per sq. ft. times the ratio of this effec- 
tive area to the elevation area. 

The experimental vaiues do not indicate a significantly large variation in 
pressure with model type. However, in general the deck structures are sub- 
ject to higher pressures than are the through structures and the pressures 
tend to increase with girder depth. The specifications are apparently con- 
servative. In no case is the experimental value (for 100 mph) greater than 
60 per cent of the specified value. In one case (Model 9HDA) the experiment- 
al pressure is only 33 per cent of that given by the specification. Consider- 
ing all models, the minimum wind velocity which would produce the specifica- 
tions pressure is 129 mph. There is no general increase in transverse force 
as the number of girders is increased and the specifications seem to be er- 
roneous in this respect. 

No tests were run on highway bridges having open-type decks. However, 
other investigators? have shown that such structures are subject to greater 
transverse pressures than are those having closed decks. 


Vertical Forces 


The maximum upward pressures acting on the plan area are given in Ta- 
ble IV. It may be observed that these pressures are of considerable magni- 
tude. In the most severe case (Model 9HDA) the vertical pressure is 58 per 
cent of the transverse pressure. Taking into account the differences in plan 
and elevation areas, this indicates that the total upward force is 3.9 times 
the total transverse force. For design purposes, however, the upward force 
is significant only insofar as it affects the overturning moment. 


Overturning Moments 


An inspection of the results for the highway bridges (Figs. 10-13) reveals 
a striking similarity between the Cy and Cy curves. This indicates that the 
overturning moment is due almost entirely to the presence of the vertical 
force and that the moment due to the transverse force is very small in com- 
parison. Further investigation of the results reveals that the location of the 
resultant vertical force varies considerably and may lie anywhere within the 
windward half of the bridge width. 

The maximum moment coefficients are given in Table IV. The magnitude 
of the moments indicated are not sufficient to cause overturning but may 
cause significant stresses in the two girders and their supports. 


5. “Aerodynamic Stability of Suspension Bridges,” Part I, F. B. Far- 
quharson, University of Washington Engineering Experiment Station, June, 
1949. 
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Effect of Yaw 


The results of the yaw tests shown in Fig. 14 indicate that for deck high- 
way bridges the maximum transverse force occurs at zero angle of yaw (y). 
For through highway bridges the maximum occurs at w= 20° and is 9 per 
cent greater than that at y* 0°. This increase is not appreciable and prob- 
ably does not occur at the angle of attack at which the maximum transverse 
force has been computed in Table IV.6 It may therefore be concluded that the 
transverse coefficients (Cy) for highway bridges given in Figs. 10-13 for the 
angle of attack tests may be used directly without modification for the effect 
of yaw. 

The maximum longitudinal force coefficient (Cg};) for highway bridges 
shown in Fig. 14 is 0.41 which indicates that the maximum longitudinal force 
is not more than 30 per cent of the maximum transverse force. The 
A.A.S.H.O. specifies a value of 25 per cent. 


Roll Tests 


The wind load coefficients for wind directions in the vertical plane contain- 
ing the longitudinal bridge axis are given in Fig. 15. The through highway 
bridge is subjected to smaller forces normal to the deck because of the effect 
of the projecting girder flanges. 


CONC LUSIONS 


Railway Bridges 


(1) The type of structure has a considerable effect on the transverse wind 
pressure. The wind loads specified by the A.R.E.A. are sufficiently large for 
the most severe case but do not consider this variation with bridge type. 

(2) Vertical forces and overturning moments are not significant for open-deck 
railway bridges. 


Highway Bridges 


(1) The A.A.S.H.O. Specification is conservative with respect to transverse 
forces in all cases considered herein. (2) The presence of longitudinal girders 
in excess of two does not appreciably increase the wind loads. (3) Vertical 
forces and overturning moments on solid-deck highway bridges may be a sig- 
nificant design consideration. 


6. “Investigation of Wind Forces on Highway Bridges,” G. S. Vincent, High- 
way Research Board, Special Report No. 10, 1953. 
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Test Method Using Baffle Plates 


Figure 3 
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(a) Angie of Attack Ss t 


Elev. 


(b) Angie of Roll 


Wind 


(c) Angle of Yaw 


FIG. 5, Wind Direction 
Angies and Force 
Components 
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Be PROC EEDINGS- SEPARATES 


The technical papers published in the past year are presented below. Technical-division sponsorship is indicated by an 
abbreviation at the end of each Separate Number, the symbols referring to: Air Transport (AT), City Planning (CP), Con- 
struction (CO), Engineering Mechanics (EM), Highway (HW), Hydraulics (HY), Irrigation and Drainage (IR), Power (PO), 
Sanitary Engineerirg (SA), Soi! Mechanics and Foundations (SM), Structural (ST), Surveying and Mapping (SU), and Water- 
ways (WW) divisions. For titles and order coupons, refer to the appropriate issue of “Civil Engineering” or write for a 


cumulative price list. 


VOLUME 80 (1954) 


JANUARY: 379(SM)©, 380(HY), 362(HY), 383(HY), 384(HY)©, 385(SM), 386(SM), 387(EM), 386(SA), 389(SU)©, 390(HY), 
391(IR)©, 392(SA), 393(SU), 394(AT), 395(SA)©, 396(EM)°, 397(ST)°. 


FEBRUARY: 398(IR)?, 399(8A)*, 400(CO)?, 401(SM)°, 402(AT)?, 403(AT)9, 404(1R) 4, 405(P0)4, 406(AT)%, 407(SU)4, 408(SU)4, 

410(aT)4, 411(8A)4, 412(PO)4, 

MARCH: 414(ww)4, 415(sU)4, 416(m)*, 417(8M)4, 418(AT)4, 419(SA)¢, 420(SA)4, 421(AT)4, 422(8A)¢ 423(CP)4, 424(AT)4, 

425(SM)4, 426(IR)4, 427(ww)4. 

APRIL: 428(HY)©, 429(EM)°, 430(ST), 431(HY), 432(HY), 433(HY), 434(ST). 
MAY: 435(SM), 436(CP)©, 437(HY)©, 438(HY), 439(HY), 440(ST), 441(ST), 442(SA), 443(SA). 
JUNE: 444(SM)®, 445(SM)®, 446(ST)®, 447(ST)®, 448(ST)®, 449(ST)®, 450(ST)®, 451(ST)®, 452(SA)®, 453(SA)®, 454(SA)®, 

ig 455(SA)®, 456(SM)®. 

JULY: 457(AT), 458(AT), 459(AT)©, 460(IR), 461(IR), 462(IR), 463(IR)©, 464(PO), 465(P0)°. 

AUGUST: 466(HY), 467(HY), 468(ST), 469(ST), 470(ST), 471(SA), 472(SA), 473(SA), 474(SA), 475(SM), 476(SM), 477(SM), 

478(SM)©, 479(HY)©, 480(ST)©, 481(SA)°, 482(HY), 483(HY). 

SEPTEMBER: 484(ST), 485(ST), 486(ST), 487(CP)°, 488(ST)©, 489(HY), 490(HY), 491(HY)©, 492(SA), 493(8A), 494(SA), 

495(SA), 496(SA), 497(SA), 496(SA), 499(HW), SOO(HW), SO1(HW)°, 502(WW), 503(WW), S04(WW)°, 505(CO), 506(CO)S, 

SO7(CP), 50B(CP), 5O9(CP), S10(CP), 511(CP). 

OCTOBER: 512($M), 513(SM), 514(SM), 515(SM), 516(SM), 517(PO), 518(SM)°, 5I9(IR), 520(IR), 521(IR), 522(IR)®, 523(AT)°, 

524(SU), 525(SU)°, 526(EM), 527(EM), 528(EM), 529(EM), 530(EM)°, 531(EM), 532(EM)°, 533(PO). 

ee NOVEMBER: 534(HY), 535(HY), 536(HY), 537(HY), 538(HY)°, 539(ST), 540(ST), 541(ST), 542(ST), 543(ST), 544(ST), 545(SA), . 
% 546(SA), 547(SA), 548(SM), 549(SM), 550(SM), 551(SM), 552(SA), 553(SM)°, 554(SA), 555(SA), 556(SA), 557(SA). 

i DECEMBER: 558(ST), 559(ST), 560(ST), 561(ST), 562(ST), 563(ST)°, 564(HY), 565(HY), S66(HY), 567(HY), S68(HY)°, 56¥(SM), 

570(SM), 571(SM), 572(SM)°, 573(SM)°, 574(SU), 575(SU), 576(SU), 5/7(SU), 578(HY), 580(SU), 561(SU), 582(Index). 


VOLUME 8&1 (1955) 


JANUARY: 583(ST), 584(ST), 585(ST), 586(ST), 587(ST), 588(ST), 589(ST)©, 590(SA), 591(SA), 592(SA), 593(SA), 54(SA), 
595(SA)©, 596(HW), 597(HW), S9B(HW)°, S99(CP), 6O0(CP), 601(CP), 602(CP), 603(CP), 604(EM), 605(EM), 606(EM)*, 


607(EM). 
5 c. Discussion of several papers, grouped by Divisions. 
a 4. Presented at the Atlanta (Ga.) Convention of the Society in February, 1954. 


e. Presented at the Atlantic City (N.J.) Convention in June, 1954. 
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